made with Cambay (Indian) amber, of a similar age, the study of this amber is in its infancy [11].
Hippocampal Neurons: Simulating the Spatial Structure of a Complex Maze
Hippocampal place neurons not only represent current location, but fire in sequences that appear to simulate past and future spatial trajectories. A recent study has found that the firing sequences match the structure of a complex maze, suggesting that the structure of the environment is encoded by the place system, perhaps to aid navigational planning.
Kate Jeffery* and Giulio Casali
As animals move around in the environment, pyramidal neurons in the hippocampus known as 'place cells' fire in spatially localized areas, or 'place fields', so forming an internal representation of space for use in navigation and memory [1] . In a linear environment, place cells show sequential expression of place fields as the animal runs in one particular direction (Figure 1 A) , and a different pattern when it runs in the opposite direction ( Figure 1B ) -the spatial encoding is thus directional. When the animal rests or sleeps, these same neurons fire in one or a number of bursts, called sharp-wave ripples ( Figure 1C ), detailed analysis of which reveals sequences of activity that mimic the sequences that the animal encountered during its exploration. These sequences can 'replay' forwards [2] or in reverse [3] ( Figure 1D ), and may reflect either reverse replay of a recent trajectory, perhaps to allow post hoc synaptic reinforcement of a recent action, or rehearsal of a future action, for planning purposes. Studies in two-dimensional environments have found that sequence replay occurs here, too [4] , and interruption of the ripple events impairs spatial learning [5] . There is thus growing evidence for a role for this 'offline replay' in the formation and consolidation of spatial memory. Furthermore, these replays may also participate in spatial inference, by being concatenated in spatially valid ways that the behaving animal did not directly experience [6] . If replay reflects simulation of actual or possible trajectories through the environment, then the topological structure of the replay should mirror that of the real world. To test this hypothesis, Wu and Foster [7] recently recorded place cells as rats alternated between choosing the long left and short right arms of an asymmetric Y-maze (Figure 2 ), always returning to the start of the central stem after each choice. They then examined the structure of the replay events that occurred when the rat paused at the ends of the arms. Place cell sequences during these pauses often replayed two consecutive arms, such as centre followed by left, or left followed by right, and so on.
The population of neurons that fired on the central arm during a 'centre-left' replay sequence also fired during a 'centre-right' sequence -thus, a centre-arm sequence could go either way at the trajectory branch point, just like the real trajectory (but with an important difference, described below). This suggests that during replay, the activity of a given cell is not necessarily a simple function of the activity in the preceding moment. Furthermore, the length of a replay sequence was longer for the longer left arm and contained more ripple events, suggesting that the metric properties of the environment were also captured by the replay structure. These concatenated sequences developed from the very first exposure, so it seems that the topological structure of the environment was captured at the earliest stages of learning.
The important difference between the observed structure of the replay events and the structure of real-world experience lies in the curious change that usually occurred between the first and second segment of a two-arm joint replay event: namely, that the first segment was nearly always replayed in reverse, proceeding towards the choice point, while the second part was replayed forwards, proceeding away from the choice point -almost as if the rat were mentally progressing backwards down the first arm, turning around at the choice point and progressing forwards up the chosen arm ( Figure 2) . Quite why the system should replay the sequences in this way is an intriguing question. The reverse replay of the events leading up to the pause location, which is also a reward location, might reflect reinforcement of a recently advantageous trajectory: ''I just did this and got a reward''. Then, the second, forward, segment might reflect During replay, sequences usually comprised two segments, and often began with the arm the rat was currently paused on; each segment could replay in either forward or reverse, but the most common was reverse-forward, with the switch occurring at the choice point.
consideration of the consequences of the next choice: ''If I do this, will I get my next reward?'' (Note that these processes may or may not be 'conscious' and indeed probably are not.) The switch between reverse and forward replays constitutes a segmentation of the replay event; this segmentation was also evident in the observation that ripple events were entirely composed of within-arm sequences and did not straddle the choice point, even though the place field representation was equally strong there. Thus, joint replays seem to be formed by discrete sub-events, with each sub-event representing a spatial unit spanning the entire length of a single arm. The question arises as to why replays did not arise in the middle of an arm and run to the middle of the adjoining arm -sequences appeared to start and stop at nodal points in the maze structure. The reason for this is unknown, but nodes might perhaps be places where place field sequences during behaviour were interrupted, either by stopping (at the end of an arm) or by divergence (at the fork). Why these nodes should be anchor points for ripple sequences remains an interesting question for future investigation, as is the question of what (mechanistically) determines the start points, stop points and directionality of the sequence segments.
This new study [7] adds to the growing weight of evidence that the hippocampus engages in active, offline construction and consolidation of internal environmental representations. More than this, however, it reinforces the venerable but much disputed idea, first advanced by Tolman [8] , that this internal representation mirrors the real world in a truly map-like way. Ape Gestures: Interpreting Chimpanzee and Bonobo Minds Improving methods for studying primate interaction are providing new insights into the relationship between gesture and meaning in chimpanzee and bonobo communication.
Richard Moore
The philosopher Donald Davidson posed the following puzzle [1] . For the most part we understand what others are thinking because we understand the words and sentences that they utter; but we understand what they say only because we know which thoughts their utterances typically express. That makes knowing others' minds and knowing the meanings of their words and sentences co-dependent. Without knowing both, one cannot grasp either. Davidson called this the problem of radical interpretation. How, he asked, could one overcome this interdependence, to come to know the minds of those whose language one did not speak? Two papers in this issue of Current Biology, by Hobaiter and Byrne [2] and Genty and Zuberbü hler [3] , help to answer this question by providing new insights into the relationship of gesture and meaning in chimpanzee and bonobo communication.
The problem of radical interpretation is particularly acute when trying to interpret the minds of non-human animals. In the case of humans, we can be relatively confident that their thoughts about the world will be similar to our own, and so use our impressions of a scene as a guide to what they might be saying about it. However, this approach is unreliable where cognitive similarity cannot be assumed. We know that all species of great ape use gestures to communicate with one another, and that these gestures are -as in human language -produced intentionally, causally inefficacious, and addressed to audiences with particular communicative intentions [4] (Figure 1 ). Because these features are central characteristics of human utterances [5] , ape gestures are meaningful in ways analogous to our own. However, knowing that ape gestures are meaningful is very different from knowing what those gestures mean.
The two new papers [2, 3] provide valuable new insights into the question of what apes mean when they gesture to one another. Hobaiter and Byrne [2] produce a partial lexicon of the gestural vocabulary of the Sonso community of chimpanzees in Uganda's Budongo forest. They identify nineteen meanings distributed over 66 gestures -thereby elaborating the closest thing we have to a chimpanzee gesture phrasebook. Genty and Zuberbü hler [3] document a single gesture used by bonobos at the Lola Ya Bonobo sanctuary in the Democratic Republic of Congo. This gesture is particularly striking because of its similarity to one that we use and recognise ourselves -making for an intuitive interpretation of its content that a more careful analysis subsequently confirms.
In the 'beckoning' gesture that Genty and Zuberbü hler describe [3] , one bonobo extends a hand in the direction of a peer before turning and pulling away, while sweeping the outstretched hand back towards them and in the direction of the turn -as if to say ''Follow me!'' or ''Come here!''. This
